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Abstract 
Many companies have attempted to introduce Lean practices in product development to gain competitive advantage in today’s 
global market place. However, the application of Lean outside the factory floor is not straightforward—especially when it is 
introduced in functional areas that differ significantly from manufacturing, such as in the multifaceted context of System 
Engineering (SE). In this article, we investigate the extent to which SE companies are engaging in Lean product development, and 
the degree to which various lean practices and capabilities are implemented. The overall goal is to determine how SE companies 
compare to companies in other industrial sectors, and thereby gaining new insights into strategies for more contextual 
implementation of lean in engineering functions. An extensive literature review is conducted to synthesize prior research with 
regard to the principal components of Lean when applied in product development. The extract from the literature study is combined 
with the author’s industrial experience and hypothetical reasoning to build a framework consisting of six principal Lean 
components, including Customer Value, Knowledge Transfer, Continuous Improvement, Standardization, Stabilization and 
Culture. Each of these is divided into a set of practice and capability characteristics collectively constituting the component as a 
whole, forming the basis for a survey for lean maturity. A survey is conducted in the Norwegian manufacturing industry to 
determine Lean practices from the construct of the generic model as basis. The survey was answered by 297 respondents from 56 
companies, providing the opinion of individuals as to where they place their current practices and capabilities on alean maturity 
scale for each question, including a supplemental set of performance and productivity related assessment items. Results indicate 
that there seem to be explanations rooted in marked and project characteristics, for the significant differences between perceived 
Lean performance in Systems Engineering versus the other sectors, especially Automotive, when talconsidering Customer Value 
and Project Performance. In between these categories this study reveals a potential for the Systems Engineering industry to improve 
upon the way organizational learning is managed to develop and sustain a culture for continuous improvement. Findings and 
discussions underline that Lean has a stronger foothold, based on history and market conditions, in the Automotive industry, as to 
how organizations effectively execute development projects.   
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1. Introduction 
The competitive pressure among product manufacturing companies is steadily increasing. Customers demand 
increased quality and product performance, added functionality, lower prices and speed of innovation. To survive in 
today’s rapidly changing business environment, companies must develop more desirable products ahead of their 
competitors before new technology emerges or market conditions change. The overall question is then how new 
product development (NPD) practices can be improved to sustain competiveness. Industrial best-practices and 
associated factors have been widely studied [1-5]. The body of knowledge constitutes a myriad of frameworks, models 
and methodologies, representing both internal and external factors and their impact on NPD performance, innovation 
outcome and value as perceived by customers, owners and stakeholders. Despite the vast amount of research, a 
practical framework for identifying factors that could enhance NPD performance at both firm and individual levels is 
still lacking. 
Lean principles [6, 7] are perhaps the most significant path-breaking concept that has emerged in the manufacturing 
community in modern times. However, lean production has gone from being a competitive frontier in its early days 
to an industry standard and more or less a commodity nowadays. As a result, many companies have established 
strategies for jumping to the next ‘growth cycle curve’ [8], by attempting to move the lean concept beyond the factory 
floor and into knowledge organizations such as NPD [9, 10]. However, the discussions among scholars, thought 
leaders and practitioners during the past two decades have yielded little progress in arriving at a unified understanding 
of lean when this concept is applied in NPD. The various definitions cover the entire scale from using methods from 
lean manufacturing [11] to generic methodologies for improving efficiency in NPD [12]), considering lean as the 
desired outcome, to using the lean label on business practices that have little to do with the original principles 
developed for manufacturing [1]. More importantly, the application of the lean concept in NPD is far from 
straightforward since the work product in NPD is information, rather than a physical product to which value (and 
waste) can be assigned. There are few examples outside Toyota where companies have been successful in 
implementing lean in NPD [5]. The reason(s) could have been discussed in broad terms; in brief, however, several of 
the key factors that made lean manufacturing to such a huge success are less obvious in NPD. For example, 
manufacturing has a fixed value potential, while the value potential of NPD is unlimited and only restricted by its own 
abilities to create better solutions to solve customer problems, which makes NPD more value-driven than waste-
driven.  
In this paper we seek to study how companies within the domain of Systems Engineering, knowingly or 
unconsciously, work according to the underlying characteristics of Lean when the concept is applied in NPD. Systems 
Engineering is focused on the system as a whole, the total operation, from interfaces with other external systems and 
the environment to the inside factors enabling a feasible designs that satisfies all requirements [13].  More specifically, 
attempts will be made to identify similarities and differences between different industrial sectors when it comes to 
Lean practices and capabilities, with a primary focus on Systems Engineering (SE) companies. The long term goal is 
to gain insight into the most important business factors to be considered in the development of contextual 
implementation strategies for Lean in product engineering environments. The research strategy includes first 
identifying a set of key components and associated practices that make up a generic Lean system for NPD practices 
on team level. The aim is to integrate the conceptual model into a more detailed survey to determine the present state 
of Lean practices and capabilities in different manufacturing companies. A literature review on the Lean concept 
applied in NPD has been conducted. To build a theoretical foundation, the findings are synthesized, compiled and 
conceptualized into a framework consisting of three building blocks: (1) a conceptual (explanatory) Lean model; (2) 
a web-based survey tool; (3) interpretations of contextual drivers and differences based on the survey implemented in 
56 manufacturing companies. The Lean framework consists of six components: Understanding of customer value and 
Knowledge transfer capabilities are essential to value creation within, respectively, the production value stream of a 
single product and within the knowledge value stream across multiple projects along different timelines. The former 
represents a basic premise for competitive manufacturing in the short-term perspective, whereas the latter points 
towards organizational learning and a company’s ability to sustain competitiveness. The remaining four components 
(Standardization; Management, organization and infrastructure; Continuous improvement; and Team/organizational 
culture) included in the Lean framework are considered more scalable to the actual business context.  
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The remainder of the article is organized as follows. Section 2 presents the theoretical framework established based 
on a literature review in combination with hypothetical reasoning and the author’s industrial experience. Section 3 
details out the research design and methodology along with the implementation and characteristics of the survey. 
Section 4 presents the results followed by a discussion on the main findings and the uncertainties associated with the 
approach. Finally, Section 5 gives the conclusion and direction for further work. 
2. Framework 
In a historical perspective, Lean has its roots back to the Japanese industrial success after World War II, mainly as 
a result of their knowledge of modern manufacturing techniques and principles utilized during a ‘zeitgeist’ of product 
and technology driven transformations. As a paradox, many of these techniques and principles originated from USA 
and Europe, but were adapted, customized and developed to fit the Japanese culture and context. The Toyota 
Production System (TPS) is the most successful example in this context [14]. Today lean manufacturing is mainly an 
operational management strategy derived from TPS in the early 1980’s [7, 15, 16]. More recently, the lean concept 
has been further developed from a manufacturing context to organization and leadership, office functions including 
New Product Development (NPD), healthcare, military and also public organizations.  
 As relevant elements concerning LPD was very scattered across fields, a new generic model was developed 
grounded in a review of scientific and management literature as well as the authors’ interpretations based on 
hypothetical reasoning and personal experiences from industrial companies.   
2.1. The LPD model 
The LPD model is based on six core components with different sub-characteristics derived from lean thinking 
applied to new product development: 1) Customer Value, 2) Knowledge, 3) Continuous Improvement, 4) 
Stabilization, 5) Standardization, and 6) Culture [12]. The model is based on various interpretations of the TPDS 
found in management and research literature, in addition to new thinking, views and practices captured from 
various sources. As the model is intended for LPD practices in Norwegian manufacturing companies with 
strategic focus on value-added products, the characteristics of the model are to some extent adapted to the 
climate, culture, organization and management typical in Scandinavian companies. In the following, each 
principal component is briefly described. 
2.1.1. Customer Value (CV). 
In lean manufacturing , a generally accepted definition of value generation is when a specific operation meets all 
three of the following requirements [17]: 
x The customer is willing to pay for the activity. 
x It transforms the physical shape of the object or product. 
x It is done correctly first time. 
Waste, on the other hand, occurs when an operation fails to meet just one of these criteria. However, separating 
value from waste is more complicated in product development than in manufacturing since there is no physical object, 
the process is iterative, and the cycle time is months and years, not seconds or minutes. Product development typically 
involves problem-solving, information transformation [18] and knowledge creation [19], in which the work product 
is information and knowledge aimed at reducing the risks of taking a new product to market [20].  
Mascitelli [21] claims that the values in NPD are embodied in the essential deliverables needed to launch a new 
product: “any activity or task that transforms a new product design (or the essential deliverables needed to produce 
it) in such a way that the customer is both aware of it and willing to pay for it”. Value starts with the customer, i.e., 
the user, consumer or ultimate customer, and the perception of value based on his or her needs, wants (spoken and 
unspoken), and meanings of a product [22]. Customer value then represents all the benefits that a customer, explicitly 
or implicitly, acknowledges with a product relative to its price.  
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2.1.2. Knowledge (K) 
Knowledge is important as a value stream and  as a competitive factor for lean companies; this may be exemplified 
by  Kennedy [23] who refers to LPD as a “world of knowledge, rather than a world of tasks”. Companies that lack 
systems, processes and culture for generating, capturing and standardizing knowledge for later re-use will suffer from 
dilution of market value when losing people (downsizing)and not the opposite in a short term perspective which is 
commonly seen e.g. in the stock market. According to lean thinking, collective knowledge generation and 
organizational learning are the only permanent advantages as markets, technologies and competitors change over time.  
2.1.3. Continuous Improvement (CI) 
Continuous improvement (CI) is one of the core components of lean. CI is perhaps the lean principle with the most 
obvious transparency between manufacturing and new product development. CI involves high involvement of people 
and incremental changes in products or processes for enhanced business performance [24]. CI may also be looked 
upon as a learning process in which a deliberate effort is made to manage and accelerate learning by as many people 
in improvement tasks as possible [25]. CI work is a systematic exercise and practice over time and not quick fixes, 
involving the use of productivity measures (performance indicators) to measure and guide improvement efforts. 
Finally, the understanding of relationships between lead time, product performance, development cost and product 
cost, and business performance (profits) is required to prioritize improvement work. 
2.1.4. Stabilization (S) 
A NPD system (infrastructure, organization, management and process) must provide a fundament for continuous 
improvements (CI), quality work and organizational performance; that is, there must be an organizational 
infrastructure that facilitates strategic deployment and long term commitment to build excellence in NPD. Browning 
[20] states that LPD is commonly applied with a system perspective. Lean includes defining a technology and 
product strategy, product leadership, portfolio management, and a design reuse strategy. At all organizational 
levels, management focuses on deliverablesrather than processes, activities and tasksas most of the value 
is embodied in the (sub)deliverables. To secure predictable, stable conditions in product development, 
resource and workload planning are important. In addition, integration of manufacturing early in NPD is a key 
to prevent waste late in the process, i.e. design loopbacks, resource squeezes and overruns [7]. Finally, defining 
core and strategic products, along with the suppliers’ strategic roles in delivering value, are important for 
establishing a design strategy founded in the lean principles. 
2.1.5. Standardization (St) 
Standardization is important for allowing more experimentation and innovation, rather than providing a means to 
enforce discipline. True customer value is believed to be most effectively and consistently delivered from 
multidisciplinary work based on the same knowledge standard. A standardized product development process is not 
only vital for variability testing, but also for making room for creativity and entrepreneurship. The purpose of 
standardization is generally to reduce waste, development time, risk, errors, and output variability from product 
development [7, 26]. Primary focus should be on standardizing output deliverablesand not on enforcing a rigid 
structure of activities, say, between phase gates in a rigid business governance process.  
2.1.6. Culture (C)  
Lean thinking represents an important but often neglected element of a company’s culture [27]. Hence, LPD is an 
integral part of the business system at all organizational levels and functional areas. Important factors in lean culture 
are trust, respect and responsibility.  Everyone’s opinion is respected, valued and considered. Responsibility is 
delegated to the lowest possible level, the one closest to the problem, and decisions are fact-based. Other typical 
elements in lean culture involve a desire for learning and use of knowledge to solve problems at the root cause. Lean 
culture also involves experimentation and outside-the-box thinking as seeds to innovation. Finally, visual 
communication to create understanding, involvement and commitment of people is an integral part of lean culture. 
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3. Method 
3.1. Background and selection criteria 
A wide set of Norwegian manufacturing companies were chosen to participate in a descriptive survey to gain 
preliminary insight into the status of Lean Product Development (LPD) practices in Systems Engineering companies 
compared to other companies conducting NPD. To target these kinds of companies, a company profile including a set 
of criteria was developed before inviting potential respondents to participate in the study. The criteria are listed below: 
x Minimum 50 employees per satellite (local unit) 
x Develops and delivers mainly physical products   
x Organization chart shows product development and/or engineering functions 
x Delivers products to end-user (B2C), customer’s purchasing department, OEM or system integrator (B2B) 
x R&D department/hub in Norway (may be owned by foreign company) 
x Ensure companies from different industries 
Companies were contacted either through managing director or head of R&D to determine if the company was 
interested in participating in the survey. Then, an e-mail was sent to provide information on the research project, its 
purpose and structure as well as how the data would be stored and used. A web-based survey using the program Opinio 
developed by Object Planet AS was used. An e-mail with a link to the web-based survey was issued to each of the 
contacts. Two reminders were issued, respectively, four and ten days after the first submission to the contact people 
who did not respond or complete the questionnaire. Non-probabilistic sample design was used as it was important to 
obtain relevant information from only certain groups (i.e. personnel involved in product development and design). 
The targeted surveyees in the sample were product development and design engineers, quality engineers, process 
development engineers, project managers and functional managers. The sample size in each firm was based on firm 
characteristics as well as size of product development departments. 
The programs Excel (Microsoft 2007), SPSS (IBM 2009) and Amos (IBM 2012) were used to analyze and visualize 
data. The estimated time to complete the survey was approximately 30 minutes, which turned out to be a little too 
long since several of the respondents had to do the survey in several steps to be able to complete it. 
3.2. Structure of survey 
The survey was structured in eight parts in which the introductory part included six questions dealing with general 
information about the respondent and the NPD environment. The answers had from two to ten alternatives with only 
one possible alternative, except for the one requesting role/function of the respondent. Each of the next six parts 
included twelve statements and questions associated with the main components in the model. Here each statement 
reflected a specific characteristic, including strategy, practices, behaviors, methods or tools, which collectively 
covered the domain of each component. The statements were assessed on a Likert-scale from 1 (strongly disagree) to 
5 (fully agree). The Likert scale is widely applied to measure subjective meanings, preferences, opinions, emotions 
and attitudes within the field of social science, and was therefore chosen as appropriate for measuring companies’ 
current performance with respect to LPD. McDonald found that most survey respondents prefer a five-point rating 
scale because the number of options is adequate and that it is easy to use [28]. The adopted scale provides the 
respondents with the opportunity to indicate neutrality—even though the respondents may see the middle response as 
the easy way out. 
The eight and last part includes nine questions related to NPD-performance, determining how the company perceive 
themselves in order to conduct NPD projects in time, on budget, with the right quality and product performance, etc. 
Here it should be kept in mind that the response represents a subjective perception made by each individual, although 
several characteristics obviously would have just one ‘correct’ answer for each company; e.g., ‘Our new product 
introductions made during the three last years have met profitability goals’. Although there is some factor bias 
associated with the approach, the overall purpose is to study NPD performance at team level rather than at business 
level. In the latter case, there are other types of bias associated with external factors such as technology, market, 
business, competitors, etc.  
239 Torgeir Welo and Geir Ringen /  Procedia Computer Science  44 ( 2015 )  234 – 243 
3.3. Data  
The responses included totally 297 respondents in 56 different companies. The overall response rate varied between 
23 % and 34%, depending how it is calculated (e.g. some companies decided not to participate in first phone 
conversations). More men (83 %) than women (17 %) participated in the study, which is believed typical for this type 
of functional responsibilities in the manufacturing industry. 75 % of the respondents had more than 5 years of 
experience in NPD, with 28 % more than 15 years of experience. More than 85 % of the respondents have BSc degree 
or higher, and 5 % held a PhD. Approximately 80 % of the companies have more than 5 people that work in NPD at 
the specific site, and the most common size of the NPD department was between 6-15 people. 
Most of the respondents worked (partly) in product development/engineering (53%), while 27 % worked in project 
management and 25 % in design. Other functional areas were quality, process development (manufacturing), 
coordination, market, purchasing, production and management. Some people had multiple responsibilities, 
particularly in the smaller companies. 
The data was separated into three industry segments; Systems Engineering (SE), Automotive (AU) and Others 
(Oth). The classification of Systems Engineering companies was mainly done qualitatively based on being identified 
as having a majority of its activities within the defense and aerospace industry. This industry in Norway is regarded 
as frontrunners for developing advanced systems. Table 1 below shows data across the defined industry classification.  
Table 1. Data distributed across industry segments. 
Industry Number of companies Number of respondents [N] 
Systems Engineering (SE) 9 71 
Automotive (AU) 8 68 
Other (Oth) 39 158 
 56 297 
3.4. Analysis method 
Data was separated into the three predefined industry segments at individual respondent level, calculating 
respectively mean and standard deviation for each segment and question. Thereafter, an independent two-tailed T-test 
was run to determine statements and questions where significant differences on the mean value between industries 
occurred. The level of significance was set to 5%. The data was analyzed by parametric procedures, a procedure 
regarded equally powerful as the alternative non-parametric Mann-Whitney-Wilcoxon procedure [29]. 
4. Results and Discussion 
Table 2 shows the survey questions where the responses were statistical significant differences at p < 0.05 level 
between the industry categories System Engineering, Automotive and Others. Out of a total of 79 questions distributed 
among seven pre-described main categories (six principal components and performance) the response in 27 
characteristics are significantly different. All seven question categories are represented among the ones that are 
significantly different; however, especially the principal components Customer Value (CV) and Knowledge (K) 
differentiate the responses between the different industry sectors.  
The most distinctive finding is that for 17 of the questions distributed among all categories, the Automotive Industry 
representatives assess themselves to have more mature Lean practices and capabilities than Systems Engineering 
companies. One the other hand, Systems Engineering companies claim to have more developed Lean maturity within 
only one single practice; namely, the abilities to utilize digital tools as enablers in problem solving. This may be 
explained by the context of Systems Engineering which is very much about design and managing complex engineering 
systems. This  may in turn increase the need for more advanced ICT and support systems and tools, such as PLM, 
PDM, Knowledge Management Systems, as well as other tools for analyzing tolerance stack-ups, sequencing, 
requirements, etc., which are all support tools known commonly used  within the Systems Engineering domain.  
Among the 17 questions demonstrating a significant difference between the Systems Engineering companies and 
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the Automotive industry, the vast majority belongs to the categories Customer Value, Knowledge and Performance. 
The Automotive industry reports more advanced Lean practices and capabilities in, for example, aligning customer 
values to mission, vision and company values—both in terms of formal documents and by ingraining such values in 
daily operations through visualization. Responses to assessment statements related to multidisciplinary NPD teams 
and seniority in the customer/supplier relation are also rated higher by the Automotive industry than the Systems 
Engineering companies. Especially the low rating of multidisciplinary practices is a somewhat surprising result that 
needs further attention since SE tends to highlight this both in the very basic definitions of SE as well as a crucial way 
of working for bringing forward advanced engineering projects. This is also the case in the Automotive industry, 
where multidisciplinary is formalized and mandatory required through standards defined in ISO 9000, QS9000 and 
ISO TS 14949. Thus the history, formalism and realization of cross-functional teams in the Automotive sector may 
explain some of the differences found in this study.  
Considering the principal component Knowledge, the Automotive industry rates its Lean maturity capabilities and 
practices higher than the SE companies for the whole knowledge cycle, including discovery of information to 
translation into useful, beneficial and accessible knowledge for the organization. Although several factors cause this 
result, product complexity, multidisciplinary and company size should all be considered when aiming to explain the 
measured difference between the two considered industry sectors. When the number of ‘interfaces’ and 
interrelationships related to both product and people increases, this naturally interferes how knowledge is captured, 
understood, codified, distributed and made useful for the rest of the organization.  
Examining the category Performance, it is interesting to note that the Automotive industry sees their projects as 
more reliable, on time and on budget than do the Systems Engineering companies. In this connection, degree of 
complexity , uncertainty, as well as project time lines, which in the defense industry may be 3-5 times longer than in 
automotive, may be significant factors explaining the dissimilarity. As a first or second Tier supplier in the automotive 
industry, the time line is dictated by the OEM and there is no option not to hit the date for start of production (SOP). 
The uncertainties are with the following: Firstly, the amount of resources needed to successfully launch the product 
on time. Secondly, to which degree additional competent resources are available. Thirdly, to what extent short term 
priorities limit innovation and long term goals as resources are pulled into launch projects to hit a deadline. 
For the principal components Continuous Improvement, Stabilization, Standardization and Culture, there are less 
clear tendencies as to how Systems Engineering companies assess their Lean capability maturity as compared to the 
Automotive suppliers. However, there are some findings that may be used to elaborate further on the above mentioned 
differences, as well as describing the nature of the industry sectors. First, the well-developed Lean maturity related to 
the Knowledge category in the Automotive sector is largely supported by responses to multiple questions in the 
principal categories Standardization and Culture. Here reflective problem solving is said to be supported by formal 
learning cycles, such as the Plan-Do-Check-Act cycle, creating awareness of when to reuse and when to generate new 
knowledge as basis for continuous improvement. Second, the capability of defining multidisciplinary teams with deep 
insight into customer values may be beneficial for performing on a day-to-day basis in relatively shot-sighted projects. 
Third, the Automotive industry has been part of global competition for decades, thus being a frontrunner for 
developing and utilizing lean principles in both manufacturing and product development. This rationale may explain 
why the Automotive industry integrates manufacturing more actively into the product development processes, along 
with a clear distinction of what is value added work or not (waste), above what is reflected upon by the Systems 
Engineering companies. 
Comparing Systems Engineering industry to the Other companies responding to the survey, the picture is quite 
different. There are seven statements where Systems Engineering rate Lean capability maturity higher than the Other 
industries as compared to eight the other way around. The Systems Engineering companies highlight a significantly 
difference from category Other industries in that the customers have a formal, integrative and communicative role in 
their product development projects.  Unlike the Others, who claim that they have to explore, extract and translate 
customer values more extensively than the typical Systems Engineering companies. These two approaches may be  
explained the nature of the firms represented in the survey. The Systems Engineering companies undertake large, 
complex and long term projects, spending time up-front and during the project with the customer to define/redefine 
critical product and process interfaces. On the other hand, the Other industry is more typically represented by 
companies in the B2C market where the supplier to a larger extend has to define (or create) its own market and 
products or services. For the Knowledge category, the Systems Engineering companies rate their leanness relatively 
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low compared to the Other category. This is in line with what was observed when comparing SE companies with the 
Automotive sector, although the actual individual questions may be different.  
Table 2. Results. 
Cat. Questions [all questions/statements starts with "to what degree"] Pr > [t]          
(sign.at p < 
0.05) 








CV Customer value is expressed in company's mission/vision statement?         
CV The customer has a defined/integrated role in our NPD process?         
CV Every project team member knows critical product characteristics?       c 
CV Field activities are pursued to track customer needs?       c 
CV There is a highly competent and experienced person who is customer representative in project team?         
CV We aim to assemble multidisciplinary product development teams?         
CV Customer communication interface is defined?         
CV We use visualization tools to create alignment between customer value and company values?         
K Valuable insight and new information is often discovered by physical testing?       c 
K The company is actively seeking information and knowledge from outside to broaden the knowledge base?       c 
K New and relevant information is translated and articulated in a way that eases understanding for others?       c 
K Knowledge is, as far as it is possible, captured and documented in formal knowledge systems?         
K Our company has a structured process to maximize the benefits from its body of knowledge?         
K We always evaluate reusing existing knowledge/solutions before initiating actions to generate new knowledge?         
CI The company has a clear and communicated definition of value added work and waste in product development?         
CI PD teams have performance measures, to which everyday activities and results can be compared?         
S Capacity shortages are proactively handled by regular resource planning?         
S Manufacturing has defined authority and obligations in all project phases?         
S In our company Design for Manufacturing (DFM) effectively prevent re-loops/iterations after design freeze?         
St Our design engineers follow the design strategy as a mean to create high value products?         
St When problems occur there is a tradition to solve these at the root cause?         
St We solve problems by a structured approach (for instance Plan, Do, Check and Act?         
C Our company differentiates between knowledge generation and knowledge reuse?       c 
C Our competitive advantage is founded in abilities to solve problems, where digital tools are enablers?         
P The company always needs to allocate more resources than originally planned to launch the product on time?       c 
P Product development projects are launched on time?         
P Product development projects are launched at budget?       c 
 
The importance of physical testing as a source of new knowledge identified in the Others sector is quite interesting, 
and reasonable due to the cost and time incurred by doing such tests in Systems Engineering environments. This may 
also support why digital tools is found to provide extensive support in engineering operations within SE. However, it 
may also be the case that theoretically-derived knowledge in expert systems may be harder to translate and distribute 
than knowledge gained from hands-on experiments. The latter may also explain why the Other sector sees itself to 
have more mature Lean practices in actively seeking information and knowledge from the outside. This can also be 
related to more limited product development resources and capability due to company size or product development 
capacity or capabilities.  
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The Systems Engineering companies define themselves to have more advanced Lean capabilities than the Others 
category in resource planning, design for manufacturing and in structuring the problem solving cycle of finding root 
cause. These sporadic observations are not sufficient to explain significant differences within the categories. However, 
it be attributed to the fact that typical SE product developments departments and processes are larger, more time 
consuming and more complex. As compared to both Automotive industry and Other industry, the Systems Engineering 
industry rates its capabilities low when it comes to product development performance, which is aligned to studies by 
Oppenheim et al. [30].             
5. Conclusion 
To dramatically improve the capabilities to invent, develop and produce new products, while increasing customer 
value, is key to sustain the competitiveness of any company. Grounded in LPD theory, a framework has been 
developed based on a thorough literature review. This model forms the backbone for developing a web-based survey 
intended for product development teams to get the subjective meaning from each individual respondent. 
Based on survey results from Norwegian manufacturing companies, current LPD practices in Systems Engineering 
companies are assessed and compared against other industries. Our initial findings show that Systems Engineering 
companies tend to be more immature, especially compared to automotive companies, when considering Lean practices 
and capabilities within the principal components Customer Value, Knowledge and Performance. Reflecting upon this 
distinctive finding leads us to discuss several exploratory contextual factors, which may be founded in type of industry, 
competition, degree of complexity, company size and nature of projects. At a macro level, this implies a history of 
competition in ‘protectionist’ markets, where risk is compensated in the relationships with supplier and customer. This 
is indeed different from the more global and ultra-competitive automotive sector. A typical project in a Systems 
Engineering company involves numerous interfaces between people and components over a relatively long period of 
time, where many functions and experts are involved with numerous digital and advanced tools for analyzing product 
system performance. Thus, complexity may be considered higher in Systems Engineering companies than in the other 
sectors included in this study.   
To generalize from these initial findings, and to give advice about further practical application, there seems to be 
several contextual marked and project characteristics explaining the significant differences between perceived LPD-
performance in Systems Engineering as compared to the other sectors for categories Customer Value and Project 
Performance. The main finding in this study indicates a potential for typical Systems Engineering companies to 
improve upon the way organizational learning is managed in order to develop and sustain a culture for executing 
continuous improvement. This aspect is particularly important for the long term competiveness of SE companies.   
For further research, the authors will increase the population to strengthen the data set and to conduct qualitative 
studies to gain more insight and to increase reliability of validation.            
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